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Purpose: Data from our institution and elsewhere have demonstrated that ultrasound- 
guided compression closure (UGCC) is an effective method of treating postcatheterization 
pseudoaneurysms. Whereas patients receiving anticoagulation do not have as high a 
success rate as those not receiving anticoagulants, here have been no large series evaluating 
the factors associated with success or failure in patients receiving anticoagulation. The 
purpose of this study is to determine whether uninterrupted anticoagulation i terferes 
with successful UGCC of pseudoaneurysms and to identify factors associated with success 
or failure. 
Methods: From May 1991 to September 1994, 238 cases of attempted UGCC of 
pseudoaneurysms were performed in our vascular laboratory. Only patients who received 
uninterrupted heparin, warfarin, or both at the time of pseudoaneurysm compression were 
eligible for inclusion into the study. Seventy-seven patients were identified who met the 
study criteria. 
Results: Successful pseudoaneurysm compression was obtained in 56 (73%) patients, 
whereas 21 (27%) patients had a failed UGCC. In the successfully treated group, seven 
(I2.5%) required between two to three compression attempts to induce sustained 
thrombosis. There was no statistical difference in age, sex, sheath size, days after 
procedure, location of pseudoaneurysm, or number of chambers in the pseudoaneurysm 
between those patients who had a successful repair and those who did not. I f  the 
pseudoaneurysm was less than 4 cm in diameter, 51 of 65 patients (78%) had a successful 
repair compared with 5 of 12 patients (42%) with a pseudoaneurysm of 4 cm or greater 
(p = 0.013). There was no statistical difference between success and failure in patients 
receiving warfarin alone (3.73 mean international normalized ratio, 72% success rate), 
heparin alone (mean activated partial thromboplastin time of 63 seconds, 92% success 
rate), or heparin and warfarin (mean activated partial thromboplastin time of 70 seconds, 
mean international normalized ratio of 4, success rate of 67%). No arterial or venous 
thrombosis occurred uring pseudoaneurysm compression. 
Conclusion: Successful UGCC of pseudoaneurysms occurred in a large percentage of 
patients receiving full-dose, uninterrupted anticoagulation. The only factor influencing 
success was the size of the pseudoaneurysm. (J VASC SURG 1996;23:28-35.) 
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Pseudoaneurysm formation after percutaneous 
cardiac or peripheral arterial catheterization is a 
relatively common complication. This occurs fnfre- 
quently after diagnostic procedures, varying from 
0.05% to 0.4%. 1-8 However, therapeutic procedures 
such as percutaneous transluminal coronary angio- 
plasty increase the pseudoaneurysm incidence to 
0.7% to 6.25%. 9-1~ Increasingly complex therapeutic 
modalities such as intracoronary stent placement 
have been associated with a local vascular complica- 
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tion rate as high as 16%. 8 Larger diameter sheath size 
and periprocedural anticoagulation are probably 
responsible for this increase in therapeutic catheter- 
ization associated pseudoaneurysms. 8,11,12 
Ultrasound-guided compression closure 
(UGCC) is an increasingly useful method of non- 
surgical treatment of pseudoaneurysms, with success 
rates varying from 50% to  100~ 13-26 Compression 
in the presence of anticoagulation is less effective, 
with a successful outcome occurring in 29% to 86% 
of cases.15,18,2~ However, most of the studies 
investigating anticoagulant-associated UGCC are 
difficult to interpret for several reasons. First, they 
involve relatively small numbers of patients, with 
the largest series before this study incorporating 
only 35 patients. 2~ Often the coagulation parameters 
are not recorded.15'18'19'21 Additionally, intravenous 
heparin is sometimes temporarily discontinued 2 to 
6 hours before, 2~ during, 19 or after the pro- 
cedure, ls'19 presumably to enhance pseudoaneurysm 
thrombosis. Similarly, warfarin is sometimes dis- 
continued around the time of UGCC as well. is'iS 
Finally, with the exception of two small series] s,21 
no statistical analysis is available that could po- 
tentially predict anticoagulant-associated UGCC 
success or failure. As a result, a retrospective chart 
review of this topic was undertaken to attempt 
to clarify these aforementioned sources of con- 
fusion. 
MATERIAL AND METHODS 
From May 1991 to September 1994, 238 cases of 
attempted UGCC of pseudoaneurysms were per- 
formed in our vascular laboratory. The diagnosis of 
pseudoaneurysm had been made via duplex ultra- 
sonography with color-flow imaging, by use of previ- 
ously published criteria. 2s'29 Only patients who were 
receiving heparin, warfarin, or both were eligible for 
inclusion into the study. Seventy-seven patients were 
identified who received uninterrupted anticoagula- 
tion at the time of pseudoaneurysm compression and 
form the basis of this retrospective r view. Outcome 
was defined as either anticoagulated-associated 
UGCC success or failure. For inclusion into the suc- 
cess group, the pseudoaneurysm was thrombosed in
the setting of uninterrupted anticoagulation before, 
during, and for at least 72 hours after the procedure. 
Any "subsequent transient cessation of anticoagula- 
tion to potentiate pseudoaneurysm thrombosis auto- 
matically placed subjects into the failure category. 
Success was defined by persistent closure only. Any 
pseudoaneurysm that was temporarily thrombosed 
but subsequently was reopened and failed additional 
compression attempts was placed in the unsuccessful 
category. 
This anticoagulated cohort represented a total of 
77 pseudoaneurysms in 77 patients and included a 
subset of the 35 subjects previously reported from 
our institution by Cox et al. 2~ However, in their study 
individual international normalized ratios (INR) and 
activated partial thromboplastin times (aPTT) were 
not recorded. These values are listed herein for  
statistical analysis. 
Multiple variables (Table I) were examined in 
relation to UGCC outcome in an attempt to predict 
success or failure. Age, sex, sheath size, and the 
number of days after the initial catheterization that 
UGCC was attempted were recorded. The pseudo- 
aneurysm site, size, and number of chambers were 
also evaluated. When a multichambered pseudoan- 
eurysm was present, only the diameter of the largest 
chamber was measured. Coagulation parameters 
(INR and aPTT) were recorded in all patients before 
and on the day of the compression attempt. Most 
patients were taking aspirin, therefore this could not 
be used as a discriminating factor in the ability to 
achieve pseudoaneurysm thrombosis. 
The method of ultrasound-guided compression 
repair was as described by Cox et al. 21 A 5 MHz linear 
transducer f om an Ultramark 9 HDI Color Ultra- 
sound System (Advanced Technology Laboratories, 
Bothell, Wash.) was used for manual compression of 
the pseudoaneurysm and tract. Pressure was applied 
for 10-minute intervals. Flow was then reassessed, 
and, if the pseudoaneurysm was still present, repeat 
compression was undertaken, with the same time 
increments, until successful pseudoaneurysm throm- 
bosis was achieved. All compression was manual, 
without the aid of mechanical devices. Ongoing 
visualization ensured patency of the juxtaposed artery 
throughout the procedure. The artery and vein were 
also restudied after compression to exclude subse- 
quent thrombosis. All successfully treated patients 
were confined to bed for 24 hours with a compression 
dressing over the affected site. The arteries were 
reexamined with duplex ultrasonography at 24 hours 
after the initial UGCC to assure closure. If clinically 
warranted, additional scans were ordered. A subset of 
patients (n = 5) from a previous tudy 21 from our 
institution underwent follow-up scanning at 30 days. 
Statistical analysis. Logistic regression models 
were fit to the data in an attempt to identify factors 
associated with successful compression. The p values 
less than 0.05 were considered to be statistically 
significant. Continuous variables are reported as 
mean -+ standard eviation. 
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Table I. Demographic information 
Variable Value Range 
Age (mean +_ SD) 65.1 +- 11 yrs 35 to 88 yrs 
Sex 
Male 44 (57%) 
Female 33 (43%) 
Sheath size (mean • SD) 7.6F + 1.1F 5F to 10F 
Days after procedure (mean • SD) 5 • 3.8 1 to 22 days 
Location 
Arm 5 (6%) 
Leg 72 (94%) 
Pseudoaneurysm ize (mean • SD) 2.3 • 1.8 0.5 to 10 cm 
Number of chambers 
One 51 (66%) 
Two 21 (27%) 
Three 5 (7%) 
Warfarin only 
No. patients 32 
INR (mean -+ SD) 4.03 + 1.9 1.43 to 8.30 
Heparin only 
No. patients 12 
aPTF (mean • SD) 64.0 • 16.8 sec 40.0 to 92.5 sec 
Warfarin & Heparin 
No. patients 33 
INR (mean • SD) 3.73 • 1.5 1.40 to 7.32 
aPTF (mean -+ SD) 70.4 -+ 25.6 sec 40.0 to 147.0 sec 
SD, Standard eviation. 
RESULTS 
The demographic data are outlined in Table I. 
The mean age of the patients was 65 + 11 years. 
There were 44 men and 33 women. Twelve patients 
received heparin alone, 32 patients received warfarin 
alone, and 33 patients received heparin and warfarin. 
The catheterization procedures included the 
following: diagnostic ardiac catheterization ( = 
9), percutaneous transluminal coronary angioplasty 
with or without atherectomy or stenting (n = 41), 
diagnostic peripheral arterial catheterization ( --  
3), and peripheral percutaneous transluminal an- 
gioplasty, stenting, or thrombolysis (n = 24). 
Pseudoaneurysms ost commonly involved the 
common femoral artery (n = 62). Other sites of 
involvement included the superficial femoral (n -- 
7), deep femoral (n = 1), popliteal (n = 2), and 
brachial (n -- 5) arteries. 
Overall, successful pseudoaneurysm compression 
in the presence of continual anticoagulation was 
obtained in 56 (73%) patients. Twenty-one patients 
(27%) had a failed UGCC while receiving antico- 
agulants. The mean time to achieve closure was 40 
minutes (range 10 to 150 minutes). In the success- 
fully treated group, seven (12.5%) patients required 
between two to three compression attempts to 
induce sustained thrombosis. Two of the cases 
(3.5 %) had initial closure followed by a recurrence in
24 hours. Repeat compression was successful in both 
cases. However, at 48 hours both pseudoaneurysms 
recurred. On the third compression attempt, both 
chambers were again thrombosed and  remained 
closed on follow-up. Five of the seven cases (9%) did 
not thrombose on the initial compression attempt. 
Four of the pseudoaneurysms closed with the second 
compression, and the fifth closed on the third 
compression. 
In the unsuccessful category (n = 21), 14 cases 
required surgical reconstruction. Three pseudoaneu- 
rysms were ultimately compressed, with one attempt 
after anticoagulation was withheld. An additional 
two cases had spontaneous thrombosis even with 
administration of warfarin, one 1.4 days after (diam- 
eter of 0.6 cm) and the other 30 days (diameter of 1.2 
cm) after the initial compression endeavor. INRs at 
the time of spontaneous closure were not obtained. 
The remaining two failed pseudoaneurysm cases 
were lost to follow-up. 
Various parameters were examined to-predict 
outcome and are outlined in Table II. The only 
variable that achieved statistical significance in pre- 
dicting a successful outcome was the pseudoaneu- 
rysm size. Although the mean diameter did not 
significantly differ between the two groups (p = 
0.348), a subanalysis revealed that a chamber size of 
less than 4.0 cm was more amenable to UGCC than 
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Table II. Outcome results 
Variable Success Failure p 
Total 56 (73%) 21 (27%) 
Age (mean) 65.5 64.0 0.592 
Sex 
Male 32 (73%) 12 (27%) 
Female 24 (73%) 9 (27%) 1.000 
Sheath size (mean) 7.51F 7.65F 0.755 
DPP (mean) 5 5 1.000 
Location 
Groin/leg 54 (75%) 18 (25%) 
Arm 2 (40%) 3 (60%) 0.114 
PA size mean (cm) 2.18 2.56 0.348 
<4.0 cm 51 (78%) 14 (22%) 
>4.0 cm 5 (42%) 7 (58%) 0.013 
No. chambers 
One 37 (73%) 14 (27%) 
Two 15 (71%) 6 (229%) 
Three 4 (80%) 1 (20%) 0.849 
DPP, Days after procedure. 
one of 4.0 cm or larger (p = 0.013). Neither age, 
sex, sheath size, nor the number of days that had 
elapsed between the initial catheterization and the 
UGCC attempt statistically affected outcome. 
Pseudoaneurysms were identified in the lower 
extremities (common femoral, superficial femoral, 
deep femoral, or popliteal arteries) in 94% (n = 72) 
of the cases, whereas the upper extremity (brachial 
artery) was involved in 6% (n = 5). A successful 
outcome was achieved with lower and upper ex- 
tremity pseudoaneurysm compression in 75% 
(n= 54) and 40% (n = 2) of the cases, re- 
spectively; nevertheless, this did not reach statistical 
significance (p = 0.114). Included in the lower 
extremity group were two popliteal artery pseudo- 
aneurysms, both of which were successfully com- 
pressed. 
The number of chambers did not influence out- 
come (p = 0.849). Even three-chambered pseudo- 
aneurysms were successfully thrombosed in 80% of 
the cases. 
The degree of prolongation of the INR or aPTT 
did not significantly affect outcome in the warfarin 
and heparin monotherapy groups or in the combined 
therapy group (Table III). Four of 77 (5%) patients 
were given subtherapeutic doses of anticoagulants 
with an INR less than 2.0 or an aPT-I? less than 50 
seconds. Two of the four patients had successful 
UGCC, Three of the patients in the subtherapeutic 
group were receiving warfarin (Coumadin) only with 
INRs of 1.43, 1.79, and 1.9. The fourth patient was 
receiving heparin monotherapy and had an aPTT of 
40 seconds. 
DISCUSSION 
This is the largest series to date reviewing the 
outcome of pseudoaneurysm compression in the 
setting of uninterrupted anticoagulation. A successful 
outcome was obtained in 73% of the cases. I f  the four 
patients with subtherapeutic INRs or aPTTs were 
excluded from analysis, the results would be virtually 
identical (52 of 73 [71%] successful compressions). 
Our positive results fall into the upper end of the 29% 
to 86% success range of patients receiving antico- 
agulants previously reported, ls'ls'2~ As op- 
posed to other reports, 1538'19'2~ none of the 
patients in this series had even temporary discontinu- 
ation of anticoagulation. Although an initial 86% 
success rate during anticoagulation was formerly 
reported by Cox et al., 2~ they also noted a 20% (six 
of 30 patients) recurrence rate. In this cohort of six 
patients with recurrence, two ultimately required 
surgical closure. Therefore their final success rate was 
actually 80%. As previously stated, any recurrence in 
our study that was subsequently refractory to repeti- 
tive compression attempts was placed in the failure 
category. Although this study did not include a 
control group, data previously published from our 
institution 2. demonstrated successful pseudoaneu- 
rysm compression in 98% of patients not receiving 
anticoagulants. 
In the successfully treated group (n = 56), seven 
cases (12.5%) required between two to three com- 
pression attempts before thrombosis was induced. 
These cases illustrate the benefit of  repetitive com- 
pression attempts to induce pseudoaneurysm throm- 
bosis when the initial attempt was ineffectual or a 
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Table II I .  Anticoagulant-related 
outcome results 
Variable Success Failure p 
Warfarin only (%) 23 (72) 9 (28) 
INR 
Mean 3.74 4.78 0.172 
Range 1,79-7.37 1.43-8.30 
Heparin only (%) 11 (92) 1 (8) 
aPT/" 
Mean 62.5 81.0 0.336 
Range 40.0-92.5 81.0 
Warfarin/heparin 22 (67) 11 (33) 
(%) 
INR 
Mean 4.00 3 20 0.170 
Range 1.40-7.32 1,41-6.17 
aPTI" 
Mean 69.5 72.2 0.914 
Range 44.0-147.0 60.0-138.0 
temporary successful closure is followed by reopen- 
ing. A similar response has been previously re- 
ported.XS.2k 2s 
Two patients had spontaneous thrombosis while 
still receiving warfarin, one 14 days after (diameter of 
0.6 cm) and the other 30 days (diameter of 1.2 cm) 
after the initial compression endeavor. Unfortu- 
nately, INRs at the time of spontaneous closure were 
not obtained. The phenomenon of spontaneous clo- 
sure has been previously documented, lklS,a~ but in 
these reports, the thrombosis occurred without anti- 
coagulation. 
In the presence of anticoagulation, thrombosis 
was achieved in two of five (40%) brachial artery 
pseudoaneurysms. One of these successfully treated 
brachial pseudoaneurysms was multichambered 
(three), with the largest chamber measuring 10 cm in 
diameter. This was closed in 60 minutes with only 
one attempt. Schwend et al. 23 previously reported on 
one patient with a brachial artery pseudoaneurysm 
that was treated with compression closure, although 
in the absence ofanticoagulation. Two of the initially 
noncompressible brachial artery pseudoaneurysms 
were responsive to ultrasound-guided closure after 
anticoagulation was withheld. In one of these two 
patients, the pseudoaneurysm actually increased in 
size from 1.5 to 2.0 cm in diameter after UGCC was 
attempted while the patient was receiving 
anticoagulants; after administration of heparin and 
warfarin were terminated, the chamber was easily 
closed in one compression attempt. An isolated bra- 
chial artery pseudoaneurysm required surgical repair, 
because after 30 minutes of compression, the patient 
complained of intolerable forearm pain and palmar 
paresthesia. 
To our knowledge, we are the first to report 
UGCC of popliteal artery pseudoaneurysms that 
occurred after percutaneous transluminal ngioplasty 
of the superficial femoral artery. The popliteal arteries 
had been cannulated to allow a retrograde approach 
during angioplasty. Both were successfully occluded 
while the patients were receiving a full course of 
anticoagulants. The largest one measured 1.0 cm in 
diameter and required 120 minutes to close. 
Not surprisingly, neither age nor sex significantly 
differed between the two groups. However, neither 
did most of the other variables ubjected to logistic 
regression analysis uch as the number of days after 
procedure, the site, the sheath size, the number of 
chambers present, or the level of anticoagulation. 
Although prior investigations found no relationship 
between pseudoaneurysm size and compressibil- 
it-y,~S,21 we demonstrated that a chamber size less than 
4.0 cm predicted a greater likelihood of successful 
UGCC. However, 42% of patients with a chamber 
size of 4.0 cm or greater had successful UGCC. 
Therefore a large chamber size per se is not a 
contraindication to UGCC. The number of patients 
with a pseudoaneurysm ize of 4.0 cm or greater was 
small, therefore further study will be required to 
determine whether in fact an increased pseudoaneu- 
rysm size makes compression closure less likely. 
Intuitively, we had predicted that the level of the 
INR or aPTF would be inversely proportional to the 
ability to effectively induce chamber thrombosis. 
This was not the case in this series. Therefore a high 
INR or aPTT does not preclude an attempt at 
UGCC. UGCC was possible even with an INR as 
high as 7.37 or an aPTT as high as 147 seconds. The 
sample size may have been too small to detect a 
difference between patients with a more prolonged 
INR or aPTT compared with those with more 
modest increases in these values. 
Although not examined in our cohort, other small 
studies had examined the relationship between the 
pseudoaneurysm tract/neck length and UGCC out- 
come with conflicting results. Feld et al) s found no 
statistical difference when examining this variable. In 
contradistinction, Diprete and Cronan |3 stated that a 
tract or neck length less than 5 mm augured a poor 
outcome, although this was based on a stud~/of only 
12 patients. 
Although there are no data to support this 
supposition, it seems reasonable that the incidence of 
pseudoaneurysm formation after arterial catheteriza- 
tion may be reduced by adequate compression atthe 
time of initial catheter or sheath removal. 
No serious complications transpired in our 
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investigation; however, minor treatment sequela 
occurred during compression of brachial artery 
pseudoaneurysms. In one patient transient paresthe- 
sia resulted in termination of the procedure and 
eventual surgical closure. In the other, the pseudo- 
aneurysm actually begin to enlarge during the 
procedure, although even this chamber was ulti- 
mately thrombosed during another compression 
attempt after anticoagulants were withheld. 
None of the patients receiving anticoagulants 
were treated surgically without an attempt at UGCC. 
Howe'~er, anticoagulation was discontinued in some 
patients at the discretion of the attending physician 
before UGCC. These patients were not included in 
this analysis. Our current approach is to attempt 
UGCC on all patients with postcatheterization 
pseudoaneurysms. If the attempt is unsuccessful, 
UGCC will be repeated after temporary discontinu- 
ation of anticoagulation i  those patients in whom it 
is safe to stop anticoagulation. All other patients will 
undergo surgical closure. 
UGCC continues to be a safe, valuable, and 
effective treatment for postcatheterization pseudo- 
aneurysms, circumventing the attendant costs and 
morbidity of surgical repair. Moreover, pseudoaneu- 
rysm obliteration can be achieved even in the 
presence of high levels of uninterrupted anticoagu- 
lation. This treatment modality is especially relevant 
in the ever-expanding population of patients receiv- 
ing cardiac or peripheral artery stents. 
We thank Micheline Watt for her expert echnical 
assistance in the preparation of this manuscript. 
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D ISCUSSION 
Dr. Bruce S. Cutler (Worcester, Mass.). Ultrasound- 
guided compression of femoral pseudoaneurysms ha  been 
a godsend to vascular surgeons who have been inundated 
with iatrogenic arterial complications of invasive cardiac 
procedures over the last several years. 
Since Brian Fellmeth reported the first series of 
successful aneurysm compressions in 1991, some 400 cases 
have appeared in the literature. The consensus seems to be 
that 90% to 100% of pseudoaneurysms can be successfully 
thrombosed with negligible complications. Consequently, 
this technique has gained wide acceptance asthe method of 
choice for treatment of this condition. In our experience, 
the only patients who are now treated surgically are those 
who have continued expansion of the aneurysm or who will 
undergo urgent heart surgery and consequently should 
have a concomitant aneurysm repair. 
A troublesome subgroup has always been those who 
have been given anticoagulants after angioplasty or coro- 
nary stent placement. Not surprisingly the rate of success is 
somewhat less for these patients. This brings us to the 
question of how to make the best use of Dr. Dean's 
findings. Cardiologists are now keenly aware that pseudo- 
aneurysms and arteriovenous fistulas may complicate 
invasive cardiac procedures and consequently the diagnosis 
of pseudoaneurysm is usually made within 24 hours of the 
procedure, at the time when the patient frequently receives 
maximum anticoagulation. Should we attempt aneurysm 
compression atthis time when the chances for success are 
73% and when the patient may require two or three 
compressions, or should we wait several days until admin- 
istration ofheparin is stopped, when the chances for success 
are closer to 100%? Because patients would need to be in 
the hospital for heparin administration anyway, such an 
approach would not prolong hospital stay. What is your 
recommendation regarding the timing of aneurysm com- 
pression? 
Would you explain how the popliteal artery was used 
for catheterization in two of your patients? 
Dr. Steven M. Dean. In reference to the timing of the 
procedure, if immediate repair is not required and heparin 
can be safely discontinued in several days, I would favor 
ultrasound-guided compression repair in a nonanticoagu- 
lated setting. However,  it is not always possible to 
discontinue anticoagulation 3 or 4 days after a coronary 
atherectomy or coronary artery stent placement. Discon- 
tinuing anticoagulation i this group of patients even 
transiently could be potentially catastrophic. I believe that 
our study has demonstrated that successful compression 
repair can be achieved even during times of maximal 
anticoagulation. Of interest, 41 of our patients had indeed 
undergone percutaneous transluminal coronary angio- 
plasty, coronary atherectomy, or stent placement. 
Not all of our patients had development of pseudo- 
aneurysms after heart catheterization. For instance, pseu- 
doaneurysm formation occurred after three cases of diag- 
nostic peripheral arterial catheterization a d after 24 cases 
of peripheral percutaneous transluminal ngioplasty, stent 
placement, or thrombolysis. 
In reference to popliteal artery pseudoaneurysms, to 
our knowledge we are the first institution to report 
successful compression of two popliteal artery pseudoan- 
eurysms. The largest measured 1.0 cm in diameter and 
required 120 minutes to close. The popliteal arteries were 
initially cannulated to allow percutaneous transluminal 
angioplasty of superficial femoral artery stenoses, which 
were approached in a retrograde fashion. 
Dr. Anton N. Sidawy (Washington, D.C.). As your 
data indicated, the best correlation was between the size of 
the pseudoaneurysm and the ability to successfully com- 
press the aneurysm. How did you measure the size of the 
aneurysm? Did you use the maximum lumen diameter as 
the size or the outside tissue boundaries? Obviously, with 
duplex ultrasonography there would be a large discrepancy 
between the lumen size and the outside diameter. 
Dr. Dean. All of our measurements were completed 
from the outside tissue diameter, not just the lumen size. 
Dr. Sidawy. But how did you determine the outside 
size? The wall of the pseudoaneurysm is usually formed of 
layers ofcornpressed tissue and clot. The distinction among 
these layers may be very difficult to be made. 
Dr. Dean. We agree that it may be difficult at times to 
visualize the outside wall of the pseudoaneurysm; however, 
in most cases, the outer wall can be clearly delineated. 
Usually when compression repair is begun, an echolucent 
cavity without thrombus is present, so it is relatively easy 
to identify the wall of the pseudoaneurysm. 
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Dr. Panayiotis E. Balas (Athens, Greece). Do you 
check the hypertension during the procedure? In our series 
we found that hypertension is a factor that contributes to 
the failure of the pressure. Therefore in our cases we try to 
reduce the arterial pressure during the procedure, and we 
found that this helps very much in the early occlusion of the 
pseudoaneurysm. 
Did you check the peripheral circulation during the 
compression? Sometimes, by "overpressuring," you are 
able to close the opening, but you stop the distal 
circulation, which might lead to peripheral arterial occlu- 
sion. Inour cases we check the peripheral circulation during 
compression by checking the pedal pulses with Doppler 
ultrasonography. Did you check the distal circulation in any 
way? What way did you check it? 
Dr. Dean. We did not measure blood pressure during 
ultrasound-guided compression repair. We carefully as- 
sured patency of the artery throughout he procedure 
by use of Doppler scanning and concurrent color-flow 
analysis. 
Mr. H. H. G. Eastcott (London, United Kingdom). 
Priority should be accorded to Dr. Percival Pott of St. 
Bartholomew's Hospital, who nearly two centuries ago 
used this very method without the advantage of guidance 
by ultrasonography. Relays of medical students were 
compressing the groin, and it worked very well. 
Dr. Dean. That's a fascinating historical perspective. 
Dr. K. Craig Kent (Boston, Mass.). We've had a 
long-standing interest in pseudoaneurysms, and spurred by 
some of your initial results from the Cleveland Clinic, we 
started using compression a couple of years ago. Initially, 
one of our radiologists was very interested inthe procedure, 
and he achieved very good results, but he eventually lost 
interest. Then over the next year, compressions were 
performed by several different radiologists, and our results 
were not as good. 
How likely is it that other institutions are going to be 
able to achieve results that are similar to what you've 
achieved, because you have a tremendous amount of 
experience and maybe we don't have the same? 
Dr. Dean. Let me share with you our ultrasound- 
guided compression repair protocol. We apply compres- 
sion at 10-minute intervals with subsequent flow reassess- 
ment. If no evidence of at least partial thrombosis i noted 
at 60 minutes, the procedure isterminated. Options at that 
point included repeat compression i 24 hours, serial scans 
for progressive enlargement or spontaneous closure, and, 
finally, surgical repair. If partial thrombosis is evident, 
compression is continued for up to 120 minutes total. We 
believe that if our protocol is carefully followed, similar 
results could be attained by any vascular laboratory. 
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